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ABSTRACT
Background: Retention of movement technique is crucial in anterior cruciate ligament (ACL) injury pre-
vention programs. It is unknown if specific instructions or video instructions result in changes in kine-
matic and kinetic measures during a relatively short training session, and in a retention test one week later. 
Hypothesis/Purpose: The purpose was to determine the effects of verbal external focus (EF), verbal inter-
nal focus (IF) and video instructions (VI) on landing technique (i.e. kinematics and kinetics) during train-
ing and retention. 
Study Design: Randomized Controlled Trial. 
Methods: This study compared verbal EF, verbal IF, VI and CTRL group. Forty healthy athletes were 
assigned to the IF (n=10), EF (n=10), VI (n=10) or CTRL group (n=10). A jump-landing task was per-
formed as a baseline, followed by two training blocks (TR1 and TR2) and a post test. Group specific instruc-
tions were offered in TR1 and TR2. In addition, subjects in the IF, EF and VI groups were free to ask for 
feedback after every jump in TR1 and TR2. One week later, a retention test was conducted without specific 
instructions or feedback. Kinematics and kinetics were captured using an 8-camera motion analysis 
system.
Results: Males and females in the EF and VI instruction group showed beneficial results during and after 
the training session, in terms of improved landing technique. Retention was achieved after only a short 
training session.
Conclusion: ACL injury prevention programs should include EF and/or VI instructions to improve kine-
matics and kinetics and achieve retention. 
Level of Evidence: 3b
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INTRODUCTION
An injury of the ACL is a devastating injury which 
commonly occurs in sports with a lot of jumping, 
accelerations and decelerations.1 Ideally, ACL injury 
prevention programs achieve long-term effects due 
to improved movement patterns on the field that 
translates to reduction of ACL injury incidence.2,3 
Motor learning is defined as a relative permanent 
change in movement patterns.3,4 The achievement 
of motor learning effects as relatively permanent 
changes is defined as retention.5 For effective ACL 
injury prevention, learned motor skills needs to 
become relatively permanent after a certain time 
interval when no feedback, guidance or instructions 
are given.3 Attention of athletes during movement 
activities can be internally focused (IF) or externally 
focused (EF). An IF of attention indicates that the 
athlete’s attention is directed to body movements, 
(e.g. ‘focus on flexing your knee’), while an EF of 
attention indicates that the athlete is focused on the 
environment and the effect of the movement (e.g. 
‘focus on landing as soft as possible’).4 It is suggested 
that retention of movement technique is superior 
with an EF compared to an IF.4
Using video instructions is a method used to cre-
ate an EF.6 When athletes receive video instruc-
tions from the example of expert models, they are 
encouraged to imitate the movements and the mir-
ror neuron system will be triggered.7 Additionally, 
the focus of video instructions is more on reviewing 
whole body movement patterns instead of specific 
components of a movement.8 Self or expert videos 
have both been found to be effective methods to 
improve landing technique.9,10,11,12,13 Furthermore, 
the fact that retention has been achieved after only 
one short training session of video instructions indi-
cates that the effects were not only immediate and 
temporary but also relatively permanent.2,13 There-
fore, ACL injury prevention programs can be more 
effective when using video instructions compared to 
ACL injury prevention programs including only ver-
bal feedback. 
Both verbal EF instructions and video instructions 
result in improved landing technique compared to 
verbal IF instructions.4,10,11,12,13 However, it has not 
been investigated if verbal EF instructions and video 
instructions result in permanent better dynamics 
in terms of improved landings (i.e. kinematics 
and kinetics). Therefore, the purpose was to deter-
mine the effects of verbal EF, verbal IF and video 
instructions (VI) on landing technique (i.e. kinemat-
ics and kinetics) during training and retention. It 
was hypothesized that the EF and VI groups show 
improved landing technique in the retention test, 
compared to the IF and CTRL groups.
METHODS
Participants
A randomized controlled trial was conducted in a 
controlled laboratory setting. Forty (twenty males, 
twenty females) subjects were recruited from local 
ball team sports clubs in Groningen, the Nether-
lands. Detailed demographics can be found in Table 
1. Enrollment, allocation and testing were conducted 
by the same author (W.W.), who was not blinded. 
For inclusion, subjects had to be: 1) ≥ 18 years old 
and 2) physically active in recreational ball team 
sports for a minimum of four hours per week. Sub-
jects were excluded if they had any lower extremity 
injury in the prior six months. Subjects were ran-
domly allocated using MATLAB 6.1 (The MathWorks 
Inc., Natick, MA) to one of the four groups based on 
sex, age and length: verbal IF group (n=10), verbal 
EF group (n=10), video group (VI) (n=10) or the 
control group with no specific instruction (n=10) 
(Figure 1). Before testing, all subjects signed an 
informed consent. 
Procedures 
Collecting expert data 
In the current study, expert videos of the jump-
landing task of athletes with optimal jump-landing 
technique were created before the start of data col-
lection and made available for providing instruction 
to the VI group (expert modelling). The criteria for 
the expert videos were based on previous research 
(Table 2).9,14,15,16 Sex- and size matched expert mod-
els were selected for four height ranges (160-170 
cm, 170-180 cm, 180-190 cm, 190-200 cm). The 
expert subjects were all ball team sport players. 
Before recording the expert jump-landing tasks, 
general anthropometric measures were taken from 
the expert subjects. 3D motion capture was used to 
define the movement of the expert data. Therefore, 
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expert subjects had twenty-one reflective markers of 
14 mm in diameter placed according to the Vicon 
Plug-in-Gait marker set and model. In addition, 
trunk markers were added to the sternum, clavicle, 
C7, T10 and right scapula.
Collecting subject data 
The jump-landing test protocol used in the cur-
rent study is the same as previously reported.13,16 
Before testing, anthropometric measures of all 
subjects were taken followed by the placement of 
21 reflective markers of 14 mm (in diameter) placed 
according to the Vicon Plug-in-Gait marker set with 
additional trunk markers on the sternum, clavicle, 
C7, T10 and right scapula. The marker placement 
was followed by a static calibration. Subjects per-
formed a five-minute warm-up on a stationary bike 
followed by three squats, three lunges per leg and 
three vertical jumps. After the warm-up, subjects 
received a general instruction of the jump-landing 
Table 1. Descriptive of subjects per group (mean±SD).
EF IF VI CTRL
N 10 10 10 10
Sex (m/f) 5/5 5/5 5/5 5/5
Age (years) 22.60 ± 1.35 22.10 ± 2.64 22.90 ± 0.57 22.40 ± 1.35
Height (m) 1.80 ± 0.14 1.77 ± 0.08 1.78 ± 0.10 1.83 ± 0.11
Mass (kg) 72.40 ± 10.38 71.10 ± 6.92 74.40 ± 17.10 78.00 ± 14.79
Sport Football(3)
Handball(3)
Basketball(1) 
Hockey(1)
Korfball(1)
Volleyball(1) 
Football(5) 
Volleyball(3) 
Handball(2)
Football(3) 
Handball(3) 
Basketball(2) 
Korfball(1) 
Volleyball(1)
Volleyball(4) 
Football(3) 
Basketball(1) 
Handball(1) 
Hockey(1)
EF = external focus group; IF = internal focus group; VI = video group; CTRL = control group.
Figure 1. CONSORT fl ow chart, including data analysis. 
EF = external focus; IF = internal focus; VI = video; CTRL = control group; TR1 = training block 1; TR2 = training block 2
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task and practiced the jump-landing task three times 
to get familiar with the task. Subjects jumped from a 
30-cm high box to a distance of 50% of their height 
away from the box, down to the two force plates on 
the ground, and immediately rebounded for a maxi-
mal vertical jump on landing (Figure 2).16 Subjects 
were instructed to jump as high as possible after 
they landed from the box.17 
3D motion capture was used during a pretest of five 
jumps (baseline), two training blocks of ten jumps 
each (TR1 and TR2), a post test of five jumps directly 
after the training sessions and a retention test of 
five jumps one week later. Group specific instruc-
tions were given after the pretest, and repeated 
after every five jumps.13 An overview of the instruc-
tions can be found in Table 3. The EF group were 
instructed to pay attention to the environment and 
the effect of the movement (“push yourself as hard 
as possible off the ground after landing on the force 
plate”) while the IF group received instructions 
related to the subject’s body (“extend your knees 
as rapidly as possible after the landing on the force 
plate”). The VI group watched an expert video on a 
television screen (LG, Flatron 65VS10-BAA) before 
the two training blocks. Both the EF instructions, 
IF instructions and expert video instructions were 
repeated after every five jumps. The goal for the VI 
group was to imitate the expert video as best they 
could. Subjects in the CTRL group did not receive 
any group specific instructions but only received the 
general instruction before data collection. 
Additionally, subjects in the IF, EF and VI group were 
free to ask feedback during the training blocks (TR1 
and TR2) after every jump. This form of feedback is 
called self-controlled feedback and is suggested to 
influence the motor learning process because it is 
more tailored to the subjects’ needs,18 which results 
in enhanced intrinsic motivation during the jump-
landing task.18,19 The feedback consisted of their 
real time Landing Error Scoring System (LESS) 
score (range 0-15) of that respective jump.20 Total 
LESS scores were provided but no further details 
were mentioned. Before testing, subjects were told 
that a lower total LESS score implied an improved 
landing technique. The CTRL group could not ask 
for feedback during the measurements. After one 
week, a retention test was done. No group specific 
Table 2. Reference scores for the videos of expert jumps used by the VI 
group.
Nm = Newton meter; Kg = kilogram; °=degrees; Peak vGRF= vertical peak ground reaction force;
N = Newton.
Variable Reference score expert on jump-landing 
task
Knee varus/valgus moment (Nm/kg) <22.25 (females)13
Knee flexion range (°) >45 (males & females)17
Peak vGRF (N/kg) ≤59.15 (males)38 / ≤17.90 (females)14,15
Figure 2. Subjects jumped from a 30-cm high box to a dis-
tance of 50% of their height away from the box, down to the 
two force plates on the ground, and immediately rebounded 
for a maximal vertical jump on landing as originally described 
in the Landing Error Scoring System procedures.
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Table 3. Overview of the instructions given to the different groups. 
General 
instruction
Pretest Instructions TR1 & 
TR2
Posttest Retention 
test
EF Jump as 
high as 
possible 
after you 
have 
landed off 
the box
5 DVJ's Push 
yourself as 
hard as 
possible off 
the ground 
after landing 
on the force 
plate
2 x 10 
DVJ’s with 
self-
controlled 
feedback 
(LESS 
score) & 
group 
specific 
instruction 
after every 
5 trials
5 DVJ's 5 DVJ's
IF Jump as 
high as 
possible 
after you 
have 
landed off 
the box
5 DVJ's Extend your 
knees as 
rapidly as 
possible 
after the 
landing on 
the force 
plate
2 x 10 
DVJ’s with 
self-
controlled 
feedback 
(LESS 
score) & 
group 
specific 
instruction 
after every 
5 trials
5 DVJ's 5 DVJ's
VI Jump as 
high as 
possible 
after you 
have 
landed off 
the box
5 DVJ's You will see 
a video of 
an expert 
jump. Try to 
imitate the 
jump as best 
you can
2 x 10 
DVJ’s  
with self-
controlled 
feedback 
(LESS 
score) & 
group 
specific 
instruction 
after every 
5 trials
5 DVJ's 5 DVJ's
CTRL Jump as 
high as 
possible 
after you 
have 
landed off 
the box
5 DVJ's N.A. 2 x 10 
DVJ’s  
5 DVJ's 5 DVJ's
EF = external focus; IF = internal focus; VI = video instruction; CTRL = control group; DVJ = drop vertical jump; TR1 = training block 
1; TR2 = training block 2.
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instructions or feedback was given during the reten-
tion test.  
Data analysis
Kinematic data were collected using an 8-camera 
motion analysis system at 200 Hz (Vicon Motion 
Analysis Systems Inc., Oxford, UK and Vicon Nexus 
software (version 1.8.3, Oxford, UK)). The 8-camera 
analysis motion system has shown to be highly reli-
able (ICC=0.998) with a standard error of measure-
ment (SEM) of 1.83° in the measurement of complex 
dance movements,21 making it suitable for use as 
criterion measure. Furthermore, good measurement 
accuracy as well as high test and retest repeatability 
have been previously reported.22,23 Ground reaction 
force (GRF) data was collected using two force plates 
sampled at 1200 Hz (Bertec Corporation, Columbus, 
Ohio) and entered in software (Vicon Nexus soft-
ware). The force plates were located within a cus-
tom-built flooring system in which the force plates 
are flush with the floor.
Primary outcome variables were vertical GRF 
(vGRF), knee valgus moment, knee flexion moment 
and maximal knee flexion angles. All variables are 
expressed at peak external valgus/varus moment. 
Moments are expressed as external moments nor-
malized to body weight.  Jump-landing tasks were 
analyzed of all included subjects (n = 10 IF, n = 10 
EF, n = 10 VI, n = 10 CTRL) for the dominant leg 
(D) and the non-dominant leg (ND). For the vGRF, 
only the data of the dominant leg was used. Custom-
ized software using MATLAB 6.1 (The MathWorks 
Inc., 220 Natick, MA) was written and used to com-
pute segmental kinematics and kinetics for both 
legs. Force plate and kinetic data were filtered using 
a fourth-order zero-lag Butterworth low-pass filter at 
10 Hz. 
Statistical analysis
With an effect size (ES) of 0.25 (medium effect 
ANOVA) and an alpha of 0.05, a power of 0.80 was 
reached with 40 subjects.24 G*Power for Windows, 
Version 3.1.7. was used to calculate the required 
sample size. Hence, 10 subjects were allocated to 
the EF, IF, VI and CTRL group respectively. Assump-
tions for normality of distribution for all variables 
were checked. Assumptions of homogeneity of vari-
ance and sphericity were also validated for the use 
of analysis of variance (ANOVA). To determine dif-
ferences between groups (EF, IF, VI and CTRL), time 
(pretest, TR1, TR2, posttest and retention test) and 
sex (female and male), two 4x5 MANOVA’s were 
used followed by post hoc comparisons (Bonfer-
roni). To determine correlation between the out-
come variables, a Pearson correlation analysis was 
conducted. Based on number of subjects and pooled 
standard deviation, effect sizes (ES) were calculated 
for all significant comparisons. Cohen’s d values are 
reported as a measure of ES, where 0.2 ≤ d ≤ 0.5, 0.5 
≤ d ≤ 0.8 and d ≥ 0.8 represent a small, moderate and 
large effect, respectively.25
RESULTS 
No significant differences were found in baseline 
kinetics and kinematics between groups for both 
males and females. 
Males
For males, between group analysis showed signifi-
cantly greater knee flexion angles in the ND leg 
at the posttest (p=0.021, ES=2.590) and retention 
(p=0.019, ES=2.152) in the VI group, compared to 
the IF group. 
Males in the EF group showed significantly greater 
knee flexion angles in the ND leg during at the 
retention trial compared to the posttest (p=0.048, 
ES=0.631) (TABLE 4, FIGURE 3). Furthermore, 
males in the EF group showed a significantly smaller 
knee valgus moment in the D leg at the posttest 
compared to TR1 (p=0.050, ES=0.416) and in the 
ND leg at TR2 compared to the pretest (p=0.003, 
ES=2.629) (FIGURE 7). Males in the IF group 
showed significantly greater knee flexion angles in 
the ND leg at the pretest compared to TR2 (p=0.043, 
ES=0.572). Additionally, a significantly greater knee 
flexion moment was found in the ND leg at the pre-
test compared to the posttest (p=0.040, ES=0.703) 
and a significant greater knee valgus moment in 
the ND leg was found at the TR2 compared to the 
posttest (p=0.024, ES=0.788). Furthermore, vGRF 
analysis showed significantly smaller vGRF at pre-
test compared to retention (p=0.007, ES=1.550) 
(FIGURE 9). Males in the VI group showed signifi-
cantly greater knee flexion angles in the D leg at the 
posttest compared to TR1 (p=0.008, ES=1.221) and 
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showed significantly greater knee flexion angles in 
the D leg at the posttest compared to TR2 (p=0.030, 
ES=0.356). Furthermore, a significantly greater 
knee flexion moment at the pretest in the D leg was 
found compared to the posttest (p=0.037, ES=0.688) 
(FIGURE 5). Additionally, a significant smaller knee 
valgus moment in the D leg was found at the pretest 
compared to retention (p=0.019, ES=1.508). 
No significant differences were found for the males 
in the CTRL group between the different time point 
analyses.
Table 4. Kinetic and kinematic data per group for males (mean ± SD).
Figure 3. Graphical representation of knee fl exion angles (°) 
in males. 
° = degrees; D = dominant leg; ND = non-dominant leg; EF = 
external focus group; IF = internal focus group; VI = video group; 
CTRL = control group; TR1 = training block 1; TR2 = training 
block 2.
Figure 4. Graphical representation of knee fl exion angles (°) 
in females.
° = degrees; D = dominant leg; ND = non-dominant leg; EF = 
external focus group; IF = internal focus group; VI = video group; 
CTRL = control group; TR1 = training block 1; TR2 = training 
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Females
For females, no significant difference were found 
between groups, prior to interventions.
Females in the EF group showed a significantly 
smaller knee valgus moment in the D leg at retention 
compared to the posttest (p=0.034, ES=1.001) (TABLE 
5). Furthermore, females in the EF group showed sig-
nificant smaller vGRF in TR2 (p=0.044, ES=0.692) 
and the posttest (p=0.050, ES=1.167) compared to 
the pretest. Females in the IF group showed a signifi-
cant greater knee valgus moment in the ND leg at the 
posttest compared to retention (p=0.039, ES=0.595). 
Females in the VI group showed significant greater 
knee flexion angles in the ND leg at retention com-
pared to the posttest (p=0.008, ES=1.274) (FIGURE 
4). Furthermore, a significant greater knee flexion 
moment in the D leg at TR2 was found compared 
to retention (p=0.023, ES=0.370) (FIGURE 6) and a 
significant greater knee valgus moment was found 
in the ND leg at TR2 compared to the posttest (ND; 
p=0.031, ES=0.460) (FIGURE 8). Additionally, vGRF 
analysis for females in the VI group showed signifi-
cant smaller vGRF in the posttest compared to TR1 
(p=0.031, ES=0.356) (FIGURE 9). 
No significant differences were found for the females in 
the CTRL group between different time point analyses.
Table 5. Kinetic and kinematic data per group for females (mean ± SD).
Figure 5. Graphical representation of knee fl exion moments 
(Nm/kg) in males.
Nm = Newton meter; kg = kilogram; D = dominant leg; ND = 
non-dominant leg; EF = external focus group; IF = internal focus 
group; VI = video group; CTRL = control group; TR1 = training 
block 1; TR2 = training block 2.
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Correlations
In the males EF group, high positive correlations 
were found between knee valgus moment and vGRF 
in TR2 (D; 0.8, p=0.118). In the males IF group, high 
negative correlations were found between knee flex-
ion moment and vGRF in TR1 (ND; -0.7, p=0.162). 
In the males VI group, high positive correlations 
were found between knee flexion angle and knee 
valgus moment in posttest (ND; 0.7, p=0.177).
In the females EF group, high negative correlations 
were found between knee flexion angle and vGRF 
in TR1 (D; -0.9, p=0.058), TR2 (D; -0.9, p=0.055; 
ND; -0.7, p=0.154), and posttest (D; -0.8, p=0.133). 
Furthermore, in the males EF group high nega-
tive correlations were found between knee flexion 
moment and knee valgus moment in TR2 (ND; -0.9, 
p=0.037). 
DISCUSSION
The main finding in the current study was that 
both males and females in the EF group showed an 
improvement in landing technique during training 
which was maintained after one week. Furthermore, 
males and females in the VI group show an improve-
ment in some aspects of landing technique in the 
retention testing conducted after one week.
Figure 6. Graphical representation of knee fl exion moments 
(Nm/kg) in females.
Nm = Newton meter; kg = kilogram; D = dominant leg; ND = 
non-dominant leg; EF = external focus group; IF = internal focus 
group; VI = video group; CTRL = control group; TR1 = training 
block 1; TR2 = training block 2.
Figure 7. Graphical representation of knee valgus moments 
(Nm/kg) in males.
Nm = Newton meter; kg = kilogram; D = dominant leg; ND = 
non-dominant leg; EF = external focus group; IF = internal focus 
group; VI = video group; CTRL = control group; TR1 = training 
block 1; TR2 = training block 2.
Figure 8. Graphical representation of knee valgus moments 
(Nm/kg) in females.
Nm = Newton meter; kg = kilogram; D = dominant leg; ND = 
non-dominant leg; EF = external focus group; IF = internal focus 
group; VI = video group; CTRL = control group; TR1 = training 
block 1; TR2 = training block 2.
Figure 9. Graphical representations of vGRF (N/kg) values 
in males and females.
N = Newton; kg = kilogram; vGRF = vertical ground reactions 
force; EF = external focus group; IF = internal focus group; VI = 
video group; CTRL = control group; TR1 = training block 1; TR2 = 
training block 2.
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Movement patterns became more symmetrical over 
time, especially in the EF and VI group for both 
males and females. For example, the absolute differ-
ence between the ND and D leg in knee flexion angle 
for the EF group for males decreased from -2.51° in 
the pretest to -0.36° in retention. Furthermore, the 
difference in knee flexion angle for the VI group 
for females decreased from -3.07° in the pretest to 
-1.03° in retention. Besides more landing symmetry, 
knee flexion for both legs increased from pretest to 
retention indicating a softer landing strategy. These 
findings indicate successful changes in movement 
technique especially for the EF and VI groups. 
Landings with greater knee flexion angles will 
potentially decrease forces on the ACL and there-
fore potentially reduce the risk of an ACL injury.26,27 
Landing with relatively more extended knees poten-
tially generates greater vGRF than a soft landing, 
achieved with a more flexed knee. A soft landing 
with large amounts of knee-joint flexion is more con-
ducive to preventing injury than a stiff-legged land-
ing.26,27 For example, Koga et al analyzed videos of 
ten ACL injuries and showed that non-contact ACL 
injuries occurred with a peak knee flexion angle 
of -47.00°.28 In the current study, males in the VI 
group showed significant greater knee flexion angles 
in the posttest (-83.30° ND; -83.64° D) and reten-
tion (-81.90° ND; -79.24° D) compared to males in 
the IF group in the posttest (-60.22° ND; -64.85° D) 
and retention (-53.53° ND; -58.31° D). Additionally, 
males in the EF group showed significant greater 
knee flexion angles in retention (-71.79° ND; -71.43° 
D) compared to the posttest (-65.30° ND; -65.56° 
D) which potentially results in decreased forces on 
the ACL. Future research should focus on the mini-
mal detectable changes of the used kinematics and 
kinetics to investigate if the differences found are 
clinically relevant. Furthermore, a high positive cor-
relation between knee valgus moment and vGRF 
was found in TR2, indicating a smaller knee valgus 
moment and smaller vGRF in the training session 
was achieved when adopting EF instructions. Knee 
valgus is a risk factor for an ACL injury because 
knee valgus loading increases the load the ACL.14,15 
Also, greater vGRF could result in higher forces in 
the knee and therefore, an increase of the risk of 
an ACL injury.29 Females in the EF group showed 
maintenance of a smaller knee valgus moment in the 
D leg and smaller vGRF in retention. Additionally, 
high negative correlations were found between knee 
flexion angle and vGRF in TR1 and in the posttest, 
indicating greater flexion angles with smaller vGRF 
in the training session and posttest which implicates 
an improved landing technique after adopting EF 
focus instructions. Although this correlation is not 
significant, it’s highly relevant since the correlation 
is high. The reason for the non-significant correla-
tions can be due the relatively low power (and low 
n) of the study.
Males in the IF group showed a decrease in knee 
flexion angles and a smaller knee flexion moment 
in the training session. These findings are in line 
with previous research showing smaller knee flex-
ion angles when adopting an IF focus.30,31 Addition-
ally, high negative correlations were found between 
knee flexion moment and vGRF in TR1, indicating 
a smaller knee flexion moment was associated with 
greater vGRF in TR1. These findings implicate a 
less favorable landing technique when adopting IF 
focus instructions. Females in the IF group showed 
a greater knee valgus moment in the posttest com-
pared to the training session. These results indicate 
that IF focus instructions resulted in a landing tech-
nique with greater ACL injury risk. These findings 
are in line with previous authors who have investi-
gated the effects of an IF focus during landing.31,32,33 
Both males and females in the VI group seemed 
to learn from watching the expert video indicated 
by maintenance of greater knee flexion angles in 
retention. Males showed greater knee flexion angles 
in the D leg in posttest than in the training ses-
sion, which was maintained in retention. Females 
showed greater knee flexion angles in the ND leg 
in retention compared to the training session and 
posttest one week earlier. Showing a video in train-
ing as instruction is used in other studies resulting 
in improved landing technique.9,10,11,12 Furthermore, 
another recent study showed retention after one 
and four weeks of improved sidestep cutting tech-
nique in the males receiving video instructions.2 
Coaches and medical staff are encouraged to use 
video instructions in prevention programs. Addition-
ally, research suggests that a combination of feed-
back and IF instructions are beneficial in the motor 
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learning process.10,12,34 According to the results of the 
current study, these prevention programs could be 
more beneficial by adding EF instructions instead of 
IF instructions. 
Retention is defined as the achievement of learning 
effects as relatively permanent changes.5 The find-
ings in the present study indicate that the benefi-
cial effects of EF and VI instructions are still present 
after one week which is crucial in motor learning 
and implicates that only two short training ses-
sions result in an improved landing technique as 
demonstrated with the high retention. Current ACL 
injury prevention programs often show low com-
pliance due the fact that coaches experience these 
programs as time-consuming without performance 
enhancement.35,36,37 Since retention was achieved 
after relatively short training sessions, the use of EF 
instructions or VI have potential to improve the lon-
ger term effectiveness of ACL injury prevention.2,13,29 
Barriers such as ‘the effects are too short lasting for 
the time spent’ might be countered when imple-
menting EF or VI instructions.2,14,36 Additionally, 
EF or VI instructions in combination with self-con-
trolled feedback is suggested to increase the intrin-
sic motivation and therefore, positively influence 
the motor learning process.18,19
Adopting an EF or VI seems to lead to a potentially 
greater efficiency in movement patterns. One pos-
sibility of the beneficial results of automatic control 
is that motor unit activation is coordinated more 
effectively with an EF, including relatively little 
physical and mental effort compared to an IF.5 The 
findings in the present study are in line with the 
results of research that used the exact same EF and 
IF instructions. 13,21,38,39 The beneficial effects of EF 
and VI instructions are best explained by the con-
strained-action hypothesis, which suggests that an 
EF of attention decreases the conscious control in a 
movement and increases automaticity in the motor 
control system and therefore performance outcomes 
will increase. 5,40,41
There are some limitations that should be acknowl-
edged. Retention was only measured after one week. 
Future research should focus on measuring reten-
tion after a longer period of time in order to inves-
tigate if possible beneficial effects continue to exist 
over time. Additionally, future research should focus 
on the effects of a longer training program with EF 
and VI instructions to investigate beneficial effects 
of longer and/or more frequent training programs. 
Subjects included in this study were free from any 
lower extremity injury in the prior six months and 
therefore, a limitation could be that subjects could 
have had a lower extremity injury before the six-
month window, which could have affected the 
results. 
CONCLUSION
The current study showed successful retention of 
some aspects of improved landing technique after 
a training with EF or VI instructions in recreational 
athletes. These findings have potential for ACL 
injury prevention programs. ACL injury preven-
tion programs should include EF and/or VI instruc-
tions to enhance motor learning. Future research 
should focus on the implementation of EF and/or 
VI instructions in prevention programs and tracking 
injury to discern the possible effects on decreasing 
ACL injuries. 
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